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SUMMARY  Ependymomas are glial tumors. They constitute approximately 5%-10% of intracranial
tumors. Ependymomas are tumors which can recur. Predictive factors of outcome in ependymomas are
not well established. Karyotypic studies are relatively scarce and loss of chromosome 22 has been described
to correlate with recurrence. We are unaware of any reports involving chromosome 1 aberrations in the
malignant progression of ependymomas. Cytogenetic analysis of 4 ependymomas was performed using
double-target fluorescent in situ hybridization (FISH) and focusing on chromosomes 1 and 22. One
patient had recurrent tumor. FISH was performed on 500 nuclei/tumors. All four cases showed a loss of
chromosome 22q, while only one showed an additional loss of chromosome 1p, and it was the one with
tumor relapse. We support the presence of tumor suppressor gene on 1p associated with relapse in
ependymomas and suggest that the chromosome 1p status by FISH may identify a high risk group of
patients harboring this tumor. Additional studies in this direction are needed, as our results refer to a
minimal number of individuals analyzed.
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Introduction
Ependymal neoplasms account for 5% of all tumors
of the central nervous system (CNS). In children, how-
ever, they are the third most frequent brain tumor. Nine-
ty percent of these tumors are intracranial (IC) and 10%
are intraspinal (IS). They most frequently occur before
the age of three years and are more aggressive than in
adults. In adults, 60% of ependymomas are tumors of
the spinal cord and only 40% are intracranial. Intramed-
ullary spinal ependymomas can be seen in patients with
neurofibromatosis type 2 (NF2), a hereditary disease.
Histologically, ependymomas can be benign (myxopap-
illary, WHO classification grade I), low grade (WHO
grade II), or anaplastic (WHO grade III)1. Ependymo-
mas are tumors that can recur. However, predictive fac-
tors of outcome in ependymomas are far from being well
established with respect to age, localization, grading, and
extent of resection. There is, therefore, a need to iden-
tify biological factors to establish correlation with tu-
mor behavior. Some work has been reported on the mo-
lecular biology and cytogenetics of these tumors2-11.
Allelic losses of chromosome 1 are frequently docu-
mented in CNS tumors12-15. The existence of certain
tumor suppressor gene(s) on this chromosome has been
suggested by studies involving neuroblastomas12 and
medulloblastomas13, but to our knowledge there are no
reports on the association of chromosome 1p abnormal-
ities with the severity of ependymomas.
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Frequent deletions of chromosome 1p in a series of
oligodendroglial tumors using double-target fluorescent
in situ hybridization (FISH) have also been recently
reported14. This research has revealed a strikingly high
incidence of deletions in the 1p36 region in pure oli-
godendroglial tumors, and supported the feasibility of
FISH for detecting allelic deletions in chromosomes.
In the present study we examined four benign
ependymomas for the loss of chromosomes 1 and 22,
using double-target FISH. All four ependymomas dis-
played deletion of chromosome 22 but only one epend-
ymoma displayed additional deletion of chromosome 1;
and this deletion was closely related to recurrence of




Four ependymomas were selected from recent pa-
tient records. All samples were classified as benign ac-
cording to the WHO classification of CNS tumors15.
Fresh tumor material was obtained by computed tom-
ography (CT) guided core needle biopsy.
Tissue preparation
Tumor touch imprints were prepared by lightly
touching a piece of tissue against a precleaned slide.
The slides were air-dried, fixed in methanol-acetic acid
(3:1) at -20 0C for 20 min, and at room temperature for
an additional 20 min before FISH was performed.
FISH
For detection of deletions of chromosome 22 we used
cosmid probes G9 centromeric and F7 telomeric. The
probes were labeled by nick translation with either bi-
otin-11-dATP (GIBCO BRL, Gaithersburg, MD) or di-
goxigenin-11-dUTP (Boehringer Mannheim Biochemi-
cals, Indianapolis, IN).
For detection of deletions of chromosome 1, we used
the repetitive DNA probe pUC1.7716, which is specific
for the pericentromeric region (1q12), and the cosmid
probe CI1-533517, which is specific for the subtelomer-
ic region (1p36). pUC1.77 was labeled with biotin (bio)-
16-dUTP (Boehringer Mannheim Biochemicals, Indi-
anapolis, IN) and CI1-5335 was labeled with digoxigenin
(dig)-11-dUTP (Boehringer Mannheim) by nick trans-
lation. Bio- and dig-labeled probe solutions were mixed
in a ratio of 7:2 (volume/volume) (pUC1.77 and CI1-
5335) and 1.0 µL of Cot- DNA (5mg/mL; GIBCO BRL,
Gaithersburg, MD) was added to 9 µL of the mixed
probe solution. Then, double-target FISH was per-
formed as described elsewhere14,18.
Scoring of interphase nuclei
Under an Olympus BX-FLA Reflected Light Fluo-
rescence Microscope (Olympus, Tokyo, Japan) inter-
phase nuclei were screened through a UV filter; only
intact nuclei, no torn or overlapping ones, were evaluat-
ed. Signals of all probes were visualized simultaneously
through a double or triple band-pass filter. Hybridiza-
tion signals were counted in 500 interphase nuclei, and
the numbers of signals were recorded for each nucleus.
Results
Imprint cytology
All cases exhibited moderately cellular tumors with
dual epithelial and fibrillated qualities. Typical perivas-
cular pseudorosettes had fibrillated cellular processes
radiating from thin-walled vessels (Fig. 1). The cells
were elongated, with bipolar, eosinophilic processes and
fine nuclear chromatin (Fig. 2). Mitoses were absent.
Other areas showed epithelium-like features, with po-
lygonal cells with fine nuclear chromatin arranged in an
epithelial mosaic pattern and faintly discernible cyto-
plasmic borders. Poorly formed acinar structures and
short cellular cords were also seen (Fig. 3). Blepharob-
lasts were not observed. Isolated areas exhibited highly
fibrillated tumor cells in a haphazard configuration. Fi-
nally, globoids of myxoid material were seen juxtaposed
against slender, fibrillated cells.
Fig. 1. Myxopapillary ependymoma. Pseudorosette formation.
Touch imprint preparation. (Papanicolaou stain, X400)
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Histology
Microscopic examination revealed a cellular tumor
consisting of uniform, ovoid cells in a papillary fashion
with ill defined borders. These cells were embedded in
a myxoid degenerated, fibrovascular matrix and mostly
arranged around small hyalinized blood vessels, form-
ing pseudorosettes (Fig. 4).
Immunohistochemistry and FISH analysis
Immunohistochemical staining showed strong ex-
pression of glial fibrillary acid protein (GFAP) and vi-
mentin, and lack of staining for cytokeratin, S-100 pro-
tein, neurospecific enolase, and chromogranin. FISH
analysis (Fig. 5) showed deletions 1p36 in 62% of the
cells in only one of our cases. All four cases showed de-
letion 22q13 in 56.5%, 64.1%, 67.2%, and 70.0% of the
cells, respectively. Table 1 summarizes tumor details and
FISH analysis in all four cases.
Discussion
The cytogenetics of ependymomas has been infre-
quently reported compared with other brain tumors.
About 100 ependymomas have been cytogenetically
analyzed3-11,16,17,19,20. In the literature, abnormalities of
chromosome 22 have been reported in 30% of cas-
es3,6,7,17,20. This frequency of monosomy 22 was the same
in pediatric and adult ependymomas. The existence of
Fig. 2. Myxopapillary ependymoma. Elongated cells with bipo-
lar processes. Touch imprint preparation. (Papanicolaou stain,
X400)
Fig. 3. Myxopapillary ependymoma. Poorly formed acinar struc-
tures and cords. Touch imprint preparation. (Papanicolaou stain,
X400)
Fig. 4. Myxopapillary ependymoma. Pseudorosette formation
of spindle-shaped cells arranged around blood vessels. Tissue sec-
tion. (H&E stain, X400)
Fig. 5. Results of double-target FISH using probes specific for
1q12 to interphase nuclei prepared from ependymoma samples.
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intramedullary spinal ependymoma in NF2 is known but
is less frequent than meningiomas. It was speculated
that the gene MERLIN located at 22q12 in NF2 could
play a role in ependymomas21-24. However, ependymo-
mas in non-NF2 familial cases have been reported25.
Vagner-Capodano et al. have reported that recurrent tu-
mors for which a karyotype analysis of initial tumors was
performed showed monosomy 22 in primitive tumors26.
It seems that a putative ependymoma tumor suppres-
sor gene located on chromosome 22, independent of the
NF2 gene, may play a role in the progression of ependy-
momas6,8,27,28.
Cytogenetic deletions and/or loss of allelic hetero-
zygosity on chromosome 22 are also a consistent feature
of other CNS tumors (e.g., schwannomas and meningi-
omas). In these tumors, the locus of the gene is differ-
ent from the NF2 locus29. A gain of chromosome 7 has
been frequently reported in other glial tumors, and its
specificity has been discussed elsewhere30. This abnor-
mality was reported in only nine cases of ependymo-
mas; four of them were anaplastic3,4,7,9,16. Vagner-Capo-
dano et al. have also reported trisomy 7 in all anaplastic
tumor cases analyzed26.
In ependymomas, abnormalities of chromosome 11
have been described; monosomy 11 was found in six
cases3,6,7,9,17 and trisomy 11 has been reported once26.
Rearrangements involving 11q13 have been described
in four pediatric ependymomas10,11,19. The locus q13 of
chromosome 11 contains the oncogenes BCT1, HST, and
INT2, which are amplified in some human cancers10. One
of these genes is perhaps implicated in ependymomas.
In the literature, six cases of abnormalities of chromo-
some 6 have been described in ependymomas7,16,17,19,26,
six cases with monosomy 6 and one case with a translo-
cation involving 6q11.
Chromosome 22q and 1p FISH analysis of our epend-
ymomas series showed losses of 22q in 56.5%, 64.1%,
67.2% and 70.0% of the cells, respectively, and loss of
1p in 62% of the cells in only one patient in whom tu-
mor recurred 2.5 years after the surgery. The sample from
the recurrent tumor was diagnosed pathologically as a
grade 2 (atypical) ependymoma. These findings strong-
ly indicate the existence of one or more tumor suppres-
sor genes on chromosome 1p, which may contribute to
progression of grade 1 (benign) ependymoma to grade 2
(atypical) ependymoma. This theory is valid only assum-
ing that 1p deletions are found in grade 2 ependymo-
mas and not in grade 1 ependymomas. It would be im-
portant to determine how grade 1 ependymoma progress-
es to grade 2 in individual cases. In the recurrent case
the histologically benign ependymoma showed signs of
atypia in the recurrent tumor. In this case the histolog-
ically benign ependymoma showed deletions of 1p as
early as the first surgery. Considering the fact that the
recurrent tumor demonstrated a histologically atypical
phenotype, the results can be interpreted as suggesting
that the intrinsic tumor had been detectable by means
of FISH before the pathologic changes occurred. It would
be reasonable to assume that genetic changes would
precede the morphologic changes. We suggest that 1p
FISH analysis may aid in assessing the risk of recurrence
in histologically benign ependymomas.
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Saetak
OTKRIVANJE DELECIJE KROMOSOMA 1 POMOÆU TEHNIKE FISH NA OTISCIMA EPENDIMOMA UKAZUJE
NA REGIJU IZVAN KROMOSOMA 22 VANU ZA RECIDIV TUMORA
D. Tamiolakis, N. Papadopoulos, J. Venizelos, M. Lambropoulou, S. Nikolaidou, S. Bolioti, A. Kiziridou, G. Alexiadis
i C. Simopoulos
Ependimomi su glialni tumori. Oni èine otprilike 5%-10% intrakranijskih tumora. Ependimomi su tumori koji se mogu
ponavljati. Èimbenici koji bi ukazivali na ishod ependimoma nisu dobro utvrðeni. Kariotipska ispitivanja su relativeno rijetka,
a opisano je kako gubitak kromosoma 22 korelira s ponovnom pojavom tumora. Nisu nam poznata izvjeæa o upletenosti aberacija
kromosoma 1 u malignoj progresiji ependimoma. U ovoj studiji je citogenetska analiza 4 ependimoma provedena pomoæu
dvociljne fluorescentne in situ hibridizacije (FISH) i fokusiranja na kromosomima 1 i 22. U jednog se bolesnika radilo o ponovnoj
pojavi tumora. FISH je izvedena na 500 jezgara/tumora. Sva èetiri sluèaja pokazala su gubitak kromosoma 22q, dok je samo
jedan, i to onaj s ponovnim razvojem tumora, pokazao dodatni gubitak kromosoma 1p. Priklanjamo se miljenju kako je
prisutnost gena tumorske supresije na 1p udruena s recidivom kod ependimoma i ukazujemo na to da bi status kromosoma
1p utvrðen pomoæu FISH mogao identificirati visoko riziènu skupinu bolesnika koji nose ovaj tumor. Potrebne su daljnje
studije u ovom smjeru, jer se nai razultati odnose na mali broj analiziranih osoba.
Kljuène rijeèi: Neoplazme mozga  genetika; Ependimom  genetika; Ependimom  patologija; Kromosomi  ljudski  par 1; Kromosomi
 ljudski  par 22
